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SOURCES OF DATA
Relevant original material was obtained as follows.
Present-day vegetation (J.M.)
Mapping of the study area was carried out by reference to detailed transect records and to aerial photographs (McGuire 1971 ). The present-day vegetation was characterized on the basis of the distribution of seven major dominants: Eriophorum spp., Molinia caerulea*, Empetrum nigrum, Vaccinium myrtillus, Nardus stricta, Agrostis and Festuca spp., and Pteridium aquilinum. Their distribution and status are considered in a subsequent paper.
Documentary evidence (J.M.)
In mediaeval times the study area was subject to Forest Law, and there are many extant records of sources of forest revenue, of court proceedings brought against those breaking the forest laws, and of specific grants of land to individuals. Subsequent to disafforestation in A.D. 1507 frequent proceedings were also brought against squatters encroaching on the common lands of the study area. Most of these court rolls, accounts, feet of fines, charters, and wills are preserved at the Public Record Office, London, and the Lancashire Records Office, Preston. Further information was also obtained from title deeds kindly made available by Bolton Corporation Waterworks.
Pollen analysis (J.H.T.)
The major pollen evidence was derived from the Deep Clough site described below, but information was also gained from a crude pollen upper reaches of Deep Clough, however, peat depths exceed 1 m (Fig. 3) . Abundant large roots of Betula occur in the mineral soil below the peat here, and branches and smaller twigs are present in the overlying peat for a distance of some 25 cm. The peats at the head of Deep Clough also contain several prominent bands of mineral particles, varying in thickness from 1 to 12 cm. The mineral particles are mostly of small size, but there are occasional larger angular fragments up to 5 cm in diameter. Fig. 4 shows the lateral extent of these mineral bands, as determined by peat borings and by direct observations along the face of a trench cut through the peat to the underlying mineral soil. The bands extend for different distances laterally, but all are confined to the original 'stream-bed' of the site. It is probable that the mineral bands represent successive episodes of soil erosion, during which mineral particles were washed into the Deep Clough peats from the surrounding slopes; and that some at least of these episodes of soil erosion took place at a time when the peat blanket was less extensive than it is today. Pollen diagrams were compiled from two sites (Fig. 3) -site A, with a peat depth of 90 cm, and site B, with a peat depth of 27 cm. A continuous monolith of peat was taken from both sites, and divided subsequently into 1 cm slices; contiguous or alternate slices were then analysed as appropriate. Pollen samples were prepared by the standard acetolysis treatment, approximately equal initial weights of peat being used. At least 150 tree pollen grains (including Corylus) were counted for each sample. Individual tree pollen counts were expressed as percentage total tree pollen (including Corylus); so too were individual weed pollen counts (Plantago, Rumex, Artemisia, Chenopodiaceae, and Compositae, and also Cerealia and Pteridium), since most of this pollen was presumed to be of adventive origin and directly related to woodland clearance. Because, however, the pollen diagrams refer to an upland area which appears to have been largely treeless for much of the time covered by the diagrams, it was felt that the customary method of expressing all herbaceous pollen types as percentage total tree pollen was not appropriate. What was required, rather, was an assessment of the contribution made by the various herbaceous components to the total vegetation of the region. Accordingly, all other herbaceous pollen components (Ericaceae, Cyperaceae, Gramineae, Galium, Potentilla, Succisa, and also Sphagnum and other spore types) were expressed as percentage total land pollen.
THE DISTRIBUTION OF WOODLAND
Today the tree vegetation of the Rossendale uplands is extremely sparse, and the only remnants of the former woodland cover are to be found lining the deep valleys of the streams which cut back into the plateau. Acer pseudoplatanus, Alnus glutinosa, Betula pendula, Crataegus monogyna, and Fraxinus excelsior are the main species to be found in these situations, though isolated trees still survive elsewhere, either as shelter for sheep and cattle or as part of the hawthorn boundaries planted within recent centuries. Deciduous trees also occur in clumps near the now-derelict farm buildings round which they were planted to serve as shelter belts. The most extensive deciduous woodlands in the study area occur within the estates of the nineteenth century factory masters, who were conscious of the amenity value of planted trees to relieve the otherwise bleak and open landscape. In the north of the region local areas have been planted by the Forestry Commission since 1958, to serve as pilot schemes to explore the problems of afforesting smoky and relatively infertile upland areas. The most suitable species are proving to be Pinus contorta and Acer pseudoplatanus. The composition of the original forest cover can only be inferred, using the Wet Moss pollen counts referred to above. The tree pollen spectrum for Zone VIIa here is summarized in Table 1 , together with counts, also from Zone VIIa, from the southern Pennines and from Lowland Cheshire. It is clear that no great difference existed between these three dissimilar regions, and that the forest cover over much of north-west England during Zone VIIa must have been composed largely of Quercus, Alnus, and Corylus, with smaller amounts of Ulmus and Betula.
PREHISTORIC WOODLAND CLEARANCE
The pollen diagram from site A at Deep Clough (Fig. 5) At In the Deep Clough pollen diagram there are indications of a major change in the nontree vegetation a short distance above the Betula decline. Sphagnum spore values rise to a peak at 61-62 cm, and this peak is immediately followed by a sudden replacement of Gramineae by Calluna as the predominant herbaceous pollen type, and by a smaller rise in Cyperaceae pollen values. These changes suggest an increase in site-moisture, perhaps resulting from the climatic deterioration at the beginning of Zone VIII (500-600 B.c.). Such a suggestion is in accord with the Bronze Age dating of the preceding clearance phase (and with the tentative calculated datings given in Table 2 ), and is supported by two further lines of evidence which are as follows.
(1) Pollen grains of Ilex and Hedera occur consistently in the peat only below 59 cm, and since these are well-known thermophilic plants their virtual disappearance higher up could be a reflection of climatic deterioration.
(2) At the Deep Clough site peat formation was confined initially to the wetter valley floor of the upper reaches, where the slope was not sufficient to maintain a permanent water course but where the soil was kept waterlogged by slowly-moving ground water. Only later did peat spread on to the surrounding gentler slopes. Thus the pollen diagram for site B (Fig. 7) The persistence of dense forest, at least in the lowlands, at the start of the Roman period is shown by pollen counts from soil immediately below the Roman road at Ainsworth, some 6 km to the south of the study area (Table 4) . This road, a continuation of Watling Street, was constructed along the western flank of the uplands in the first century A.D. as a military link between Manchester and Ribchester. Although pollen preservation in the soil was poor, so that firm identification of many grains was not possible, the counts show a great preponderance of tree pollen (86% of total pollen). The predominant pollen type is Alnus, and this and the high counts of Sphagnum spores suggest widespread alderwoods in the damper lowlands. The buried soil, moreover, contained large amounts of finely comminuted charcoal, presumably resulting from woodland clearance by burning prior to the construction of the road.
In the Deep Clough pollen diagram very considerable changes occur at the close of clearance phase C.4 in the interval 29-34 cm. Total tree pollen and tree pollen frequency values rise sharply, and weed and cereal pollen records cease. There is little doubt that these changes represent a phase of woodland regeneration, during which a woodland cover approximating in extent to that pertaining prior to the Bronze Age clearances was re-established (since tree pollen rises to 80% of total pollen again). In this regenerating woodland Pinus, Ulmus, and Tilia occur with increased frequency. At the same time Calluna and Cyperaceae pollen values decrease sharply, and since grass pollen totals remain substantially unchanged it appears that some at least of the woodland regeneration took place at higher altitudes at the expense of Calluna-and Eriophorum-dominated communities.
In the absence of firm datings for these changes in the pollen diagram it is not possible to correlate them with known historical events (though it is tempting to ascribe them to the so-called Dark Ages of the fifth and sixth centuries A.D.) . What does seem clear, however, from the pollen evidence is that despite the widespread effects on the vegetation produced by the Bronze Age clearances, subsequent climatic deterioration in the Rossendale uplands lowered human population levels sufficiently to allow substantial woodland regeneration at lower altitudes, and probably also at higher altitudes; but that at higher altitudes the climatic deterioration resulted also in soil erosion and impoverishment, and the spread of peat. ). Little encouragement was thus afforded to settlement, and agricultural activities were strictly curtailed. However, the forest lands were managed by a Master Forester and his assistants with a view to ensure not only a supply of game but also a source of revenue, so that pressure on the woodlands was never totally relaxed. Documentary evidence suggests that the trees were regularly lopped or pollarded to provide winter browse for the deer, and selected mature trees were cut out at intervals for timber; but since the forest accounts for Rossendale contain only occasional references to the sale of oaks for timber or to fines imposed for unlawful felling, it is probable that good quality trees were rare in the uplands. Deterioration of the woodlands would have been promoted by the practice of pannage, whereby pigs were allowed into the woodlands in autumn, on payment of a pannage fee (usually Id per pig per year), to feed on the acorns. This source of income is not mentioned in the forest accounts after A.D. 1400, and the practice may have lapsed by then as a result of woodland degeneration. Brushwood was also intermittently sold to provide fuel for iron-smelting: this was never a regular practice, but is mentioned for Hoddlesden for 1295-6 and again for 1341-2, and for Tottington for 1305 (Lyons 1884).
DOCUMENTARY EVIDENCE OF WOODLAND CLEARANCE
Since the forest records refer only to saleable timber it is not possible to gain from them any clear impression of the composition of the woodland at the time. However, the trees mentioned in the records are all sparse or absent in the Rossendale uplands today: oak, three records; holly, three records; lime, one record (Farrer 1913) .
A major source of income from the forest lands was the granting of privileges to graze cattle and to cut hay within the boundaries, and areas were increasingly set aside for this purpose. Parts of Alden, Musden, and Ugden, within the ancient Forest of Tottington, were being so used by the end of the thirteenth century. A large tract of land in the southwest of the study area (Fig. 1) The use of the term 'wood' as opposed to 'forest' elsewhere in this charter, and the reference to local place names indicative of woodland (Arkilshou, Titelshou) suggests that woodland may have been extensive within the study area at this time.
Over much of Rossendale permanent upland cattle ranches or vaccaries were established during the twelfth century, but none apparently occurred within the study area. However, the exact extent of these vaccaries is not known, and those in the Irwell valley may have included upland grazing within the study area itself; so, too, may the cattle farm at Hoddlesden, just outside the north-west boundary, which was used for gathering together cattle prior to re-distribution or sale. This is first mentioned in A.D. 1296, and had probably developed into a vaccary by 1323. Initially the vaccaries were established to maintain the plough teams of the Lord of the Manor (horses being little used for this purpose), but it was soon realized that revenue could be gained from the sale of cattle for beef. Increasingly during the fourteenth century, however, both the vaccaries and the lands from which the foresters had previously collected herbage and grazing fees were being let out to rent-paying tenants, whose livelihood was gained mainly by the rearing of stock. Thus the pastures of Alden, Musden, and Ogden were all yielding rent instead of grazing dues by 1341-2.
Increasing pressure by the local inhabitants on the forest lands is indicated by the decision of Henry de Lacy in A.D. 1304 to enclose 904 ac (366 ha) in the centre of the study area as a deer park, in order to restrict the movement of deer and to facilitate hunting (Tupling 1927) . The boundary fence of Musbury Park had a circuit of 4? miles (7-2 km) (Fig. 1) , and its construction must have made considerable inroads into the timber resources of the area. A local park-keeper was appointed to look after the welfare of the deer, but the office ceased to exist in 1480 since 'in our said parke there is no game to kepe'. Rights of herbage within the park had, in fact, been granted more or less continuously since 1360.
In A.D. 1507, as a result of a Commission set up to review the possibilities of improving the Crown Lands in Lancashire (Farrer 1897), enclosure of waste lands was permitted, provided the enclosure was legally registered at the Halmote Court and rent paid. Enclosure in Rossendale was carried out piecemeal, both by existing tenants and by new settlers, and continued well into the eighteenth century. In addition many former holdings were subdivided. The unenclosed land, many thousands of acres of which still survived at the end of the sixteenth century, was utilized by the local people for common grazing, peat-cutting, and timber. Common rights of timber extraction included 'housebote' (the right to cut timber for the repair of the house), 'hedgebote' (for repairing gates and hedges), and 'ploughbote' (for repairing the plough or cart). These rights were practised in the study area on the upland commons of Holcombe Moor, Tor Hill, Haslingden Moor, and Oswaldtwistle Moor, and no doubt caused a great reduction in the woodland that remained in the doughs and on the moorland crests. A humble petition to James I in 1618 (Whitaker 1818) summarizes the condition of the Rossendale uplands as follows: 'The soil is extremely barren and as yet not capable of any other corn but oats, and that in dry years and not without continued manuring every third year, and that they have no timber within many miles thereof'.
Thus Tottington  1274  100  100  40  Turton  1303  16  10  4  20  Turton  1415  2  3  18  Turton  1505  4  10  30  Oswaldtwistle  1538  6  40  16  10  Turton  1546  4  200  80  300  100  Oswaldtwistle  1552  20  10  100  30  Eccleshill  1554  40  40  200  150 of the surface and the soil would not allow the laying down of large fields for tillage' (Tupling 1927). After 1507 there was a rapid increase in settlement, and the development of a more mixed farming economy. This changing pattern of land-use can be seen in Table 5 , which summarizes references in the Court Rolls to land-holdings of litigants in the study area. The category 'land' in these records is rather vague, but may well indicate arable land since all other categories of land-use appear to be specified. The changing patterns of land-use since the Norman Conquest are probably also recorded in the Deep Clough pollen diagram by clearance phases C.6 and C.7. Phase C.6 is of limited effectiveness, and is marked by clearance of Quercus, and to a lesser extent of Betula, Pinus, and Fraxinus. Only during phase C.7 is there evidence of widespread forest destruction. Quercus, Alnus, and Corylus decline successively, reflecting probably an initial clearance of the drier lowland oakwoods, then the wetter valley alderwoods, and finally of marginal hazel scrub. Pollen of cereals and agricultural weeds is present in quantity throughout the phase, and there are clear indications of increased arable land usage. The peat throughout the profile at site A in Deep Clough is of remarkably uniform consistency and density, with densities, as measured by the weight of wet peat necessary to displace 1 ml benzene, ranging from 1 06 to 1-24. There do not appear to have been any major differences in the rate of peat accumulation apart from the periods when mineral matter was being incorporated. There is no evidence from the state of pollen preservation that this incorporation of mineral matter involved any erosion of the peat, and the mineral bands may consequently represent merely an accelerated rate of deposition. On average some 40-50% by volume of the mineral bands consists of organic matter, so that the thickness of a mineral band is approximately twice that of a peat layer of equivalent age. If these assumptions are made, and if a more or less constant rate of peat accumulation is also assumed, then approximate datings for various levels in the pollen diagram based on the known dates of 1590 B.C. for 81-85 cm and A.D. 1950 for 0 cm can be estimated. These datings are given in Table 2. (Received 28 September 1971)
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